Orthotic treatment is the most commonly used non-surgical treatment method for adolescent idiopathic scoliosis (AIS). This study determined whether treatment outcome correlates with how often and how well children with AIS wear their orthoses. Eighteen (18) subjects (3M, 15F) who were diagnosed with idiopathic scoliosis and had worn their orthoses from 6 months up to 1 year participated in this study. All subjects were prescribed Boston braces to be worn full time (23hrs/day). Twelve (12) subjects who completed their brace treatment were included in the data analysis. Three (3) treatment outcomes were classified as improvement, no change and deterioration. The quality of the brace wear was assessed by how often the brace was worn with zero force, below 80%. between 80 to 120%. and above 120% of the load level prescribed in the clinic. The quantity of brace wear was determined by how many hours per day they wore their brace.
Introduction
Scoliosis is a three-dimensional lateral curvature of the spine with vertebral rotation (Scoliosis Research Society, 2001) . Idiopathic scoliosis (IS), for which there is no known cause, is the most common form of scoliosis. There are few non-surgical treatment options for All correspondence to be addressed to E. Lou, Capital Health Authority-Glenrose Rehabilitation Hospital Site, 10320-1 1 1 Avenue, Edmonton, Alberta, Canada, T5G OB7 children with this potentially progressive spinal deformity. The Boston brace is the most commonly prescribed orthosis in North America (Nachemson et af., 1995) when moderate curvature is detected. The purpose of brace treatment is to cease curve progression during the high-risk growth period of early adolescence. Any permanent reduction in the curve or deformity due to bracing is usually considered a "bonus". It is suggested that to be effective, the brace must be worn for up to 23 hours per day until the child has completed growth (Emans et al., 1986) .
Opinion concerning the effectiveness of orthoses turns on two points: do patients wear the brace as prescribed and is the correction due to mechanical support. The most commonly accepted methods to assess compliance are to ask the family if the brace is being used and to visually inspect for signs of wear. To investigate how tight patients wear their braces during their normal usage, patients at the scoliosis clinics are asked to demonstrate how they tighten their braces. A mark is usually placed on the brace straps to help patients properly tighten their braces. However, stretching of the brace straps may occur after the brace has been used for a few months, causing the mark to be inaccurate. Other methods have been used to study how loads are applied while patients wear their braces. Jiang et ~l .
(1992) used an Oxford pressure measurement system and tension sensor to investigate the magnitude, location and direction of pressure generated by the brace as well as the forces imposed by the straps. They found that there was considerable variation in how braces were worn. Some children secured E. Lou, J. V. Raso. D. L. Hill, J. K. Mahood and M. J. Moreau the brace very aggressively and imposed high loads on their trunks; other children who wore the brace loosely imposed little pressures. His study reported that the low strap tension group worsened an average of 9" and the high strap tension group improved an average 9" after completion of bracing. Wong et al. (2000) developed a tension transducer to measure the tension of the strap. They found that the standing Cobb angle is correlated with the pressure applied by the pad and the strap tension. However, these two studies were conducted in laboratory settings, they may not be true indicators of the pressure exerted by braces over a treatment period lasting several months or years. Recently, Lave11 et al. (1996; 1997) , Nicholson et af. (2001) and Havey et al. (2002) used temperature, humidity sensors and force switches to investigate how much time patients wore their braces, ,but these studies did not indicate how tightly the brace had been worn. A low-powered portable load monitoring .system was developed by the authors' group (Lou et al., 2002) to measure and record the temporal profile of the loads on the pressure pad imposed on the trunk during daily living. This system not only recorded how much time (quantity) a brace was used but also how well it was used (quality). These factors can be assessed by measuring the load exerted by the brace and comparing the actual levels with the prescribed level. Near-zero pressure indicates that the brace is not being used, pressures significantly less then prescribed suggest that the brace is being used but not as prescribed; while pressures close to or above those set by the surgeon suggest adherence to the treatment protocol. This paper is a follow-up of the authors' previous study and describes the correlation between treatment outcomes and quantity and quality of the brace wear. The objective of this study is to determine whether treatment outcome correlates.with how often and how well children with AIS wear their braces.
Methods and materials Monitoring device
The size and power consumption of the loadmonitoring device described (Lou et al., 2002) have been improved. The size of the new system was changed from 6.5cm x 12cm x 2cm to 5.5cm x 8cm xl.7cm (Fig. 1) . and its mass from 80g to 60g. The power consumption of the new system was reduced by 33%. Instead of using three AAA-sized rechargeable batteries, only two were required. The function and the sensor of the new system remain the same. The force transducer is placed within the pressure pad intended to apply the largest corrective force loads to the body. The maximum error of the sensor is f 0.02N. The new system was easier to attach to the brace with Velcro or carried by the patient. Instead of using 2 light emitting diodes (LED), 3 LEDs were used. Refemng to Figure 1 , the H LED (red) will be on when the tightness level is above 120% of the prescribed level;
while the middle LED (green) will be on if the tightness level is within 80 to 120% of the prescribed level; the L LED (red) will be on when the tightness is below 80% of the prescribed level. The prescribed pad load (target) has been set by the physician or orthotist after the force transducer is installed. Patients were instructed to adjust the tightness of the strap to the green level. This feature helps the subjects wear their braces at the prescribed tightness. recruited. All subjects gave their informed consent to participate in this study. The same selection criteria as the previous study were used (Lou et al., 2002) . The selection criteria were 1) diagnosis of idiopathic scoliosis, 2) ages between 9-15 years and 3) prescribed brace treatment. The exclusion criteria were anyone who 1) had other musculoskeletal or neurological disorders, 2) refused to wear the brace, 3) was being weaned from treatment, or 4) was a surgical candidate. Among these 18 subjects, only 12 subjects completed their brace treatment. Loads were measured at one sample per minute. The subjects carried on with their normal daily activities and returned in 3 to 14 days (9.4H.9 days). When asked, all subjects reported that the time they wore their braces was not affected by wearing the monitor. The data were downloaded to a PC to be analysed. Some subjects maintained a diary that allowed load levels to be related to general activity levels.
Quality and quantity measurements
The quality of the brace wear was assessed by how often the brace was worn with zero force (i.e., not worn), below 80%, between 80 to 120%, and above 120% of the load level prescribed in the clinic. The quantity of brace wear was determined by how many hours per day they wore their braces. Three (3) treatment outcomes were defined: improvement, no change, and deterioration. Improvement was defined as a reduction of the Cobb angle, compared to the pre-brace measurement, by more than 5" after weaning; no change was defined as a Cobb angle change of 5 5" after weaning, and deterioration was defined as a Cobb change greater than 5" after weaning.
Results
Twelve (12)subjects completed this study and Table 1 shows the curve pattern and response to bracing of each subject. The Cobb angles of the 12 subjects with pre-brace and in-brace radiographs at time of monitoring are 34+9" and 24+8", respectively. The Cobb angles after weaning were 38+1 lo. The brace improved the Cobb angle by 1056". After bracing, at skeletal maturity, the Cobb angle was 4+7" higher than pre-brace. Since each brace was customised and the transducer was embedded at different locations, the prescribed force for each subject was different. The average prescribed force was 1.3k0.6N. Figure 2 shows the variation of the prescribed pad force of each subject.
Of the time that data were recorded, the braces were not used 30+23% of the prescribed time. The percentages of the prescribed time that the forces level was below 80%, between 80 to 120%, and above 120% of the prescribed level were 30+16%, 20519% and 20+12%, respectively. Force levels are generally lower at night-time than during the day time. Even though the prescribed brace time was 22.3k1.32 hours, the average time that each subject used hisher brace was 15.6 hours (70% of the prescribed time). w e n the brace was worn, the time that the force level was below 80%, between 80 to 120%, and above 120% of the prescribed level were 6.6 hours, 4.5 hours, and 4.5 hours, respectively. The brace was worn 42% (6.6 hours of the 15.6 hours) of the wear time with a force level below 80% of the prescribed level. Figure 3 summarises the quantity and quality of brace wear of the 12 subjects.
The study period was 9.w.9 days. For the subjects who had completed treatment, the duration of the brace treatment was 24.6H.5 months. The time at which they used the monitoring device was 8.2k3.6 months after they were first prescribed their braces. One (1) subject had curve improvement, 7 subjects had no change and 4 subjects had curve deterioration. Table 2 and Figure 4 summarise the quantity and quality of how well braces were worn with the treatment outcomes. The improvement subject was 84% compliant and T a m hul wore her brace above or in the target load range 62% of prescribed time. No change subjects were 70% compliant and wore their braces above or in the target load range 40% of prescribed time. Deterioration subjects were 64% compliant and wore their braces above or in the target load range only 26% of prescribed time. Due to the low number of subjects, there was no significant difference between the change group compared to the deterioration group when comparing brace effective time (2 80% of prescribed level) versus brace ineffective time (< 80% of prescribed level) (Table 3 ).
Discussion
Although bracing is currently favoured as a means of treating children with moderate scoliosis, it remains controversial. To investigate the effectiveness of bracing, the minimum requirement is to consider how the subject wears the brace in term of both the quality and quantity. From the data, the authors' suspect wearing the monitor does not increase compliance because many subjects wore their braces only infrequently during the study period. Even though there were indications for the prescribed level of compliance in putting on and fastening the braces, all subjects used the indication LEDs only when donning their braces. Daily activities greatly affect brace force and thus effectiveness. Also, according to the feedback from the 12 subjects, it is believed that the pattern of the monitoring period was close to the entire brace treatment period.
When comparing the outcome groups, the compliance is less variable than the interface forces between the bohy and brace. The wear pattern of each subject is quite different. A power test cannot be performed in this study because it needs more subjects in each of the outcome group. Although the number of subjects is small, it appears that tightening the straps to the prescribed level may be a more important predicator of outcome than compliance. Simply wearing a brace is not sufficient to either effect an improvement in spinal curvature or prevent collapse. This study was not intended to alter the brace treatment; it was rather to gain a better understanding of the correlation between the brace forces, compliance and the clinical outcomes.
Conclusions
This pilot study was aimed at understanding whether successful brace wear depends not only on how much a brace is worn but also on how well it is used. Subjects who had curve improvement, no change and deterioration wore their braces 84%, 70% and '64% of the prescribed time, respectively, but corespondingly only 62%, 40% and 26% of the time was the load level at least at 80% of the target level. The more time that the brace was worn at the prescribed level; the more likely it was to produce a better treatment result.
